ABStRACt
Despite the intensive vaccination programs used for controlling Newcastle disease (ND) in the Iranian poultry industry, outbreaks of ND have been reported in poultry farms. This study was conducted to evaluate the effectiveness of vaccines for the protection against ND infection and virus-shedding period of velogenic Newcastle disease virus (vNDV) field strain after different immunization schemes. Eight groups of commercial broiler chickens were used. Six groups were vaccinated with different vaccination programs using commercial live and inactivated ND vaccines. All groups, except for group 8, were challenged with a virulent field isolate (10 4 EID50/bird) at 28 days of age. Clinical signs, mortality rate and gross lesions were investigated. Antibody titers were assayed by hemagglutination inhibition test and fecal virus shedding was determined for 14 days post challenge (dpc) with 3-day intervals by the RT-PCR method. All unvaccinated-challenged control birds died. Vaccination with these ND vaccines protected chickens from clinical disease. The mortality rate in the vaccinated groups was significantly lower than in the positive control group. However, vaccinated chickens shed the challenge virus in fecal samples. Although the different vaccination regimens displayed close degrees of protection against the disease, the best protection was observed in broilers primed with the live B1 vaccine via eye drop simultaneously with inactivated vaccine at 8 days of age and boosted with B1 or LaSota via drinking water on day 18. In conclusion, the currently used vaccines with different vaccination schemes can protect chickens against the disease in areas where ND is endemic, while the spread of the field virus to other flocks cannot be prevented.
IntRoduCtIon
Newcastle disease, which is caused by Newcastle disease virus (NDV), is one of the most serious infectious diseases affecting birds, particularly poultry, and can lead to serious economic losses (Aldous et al., 2003) . NDV is classified as a member in the Avulavirus genus, within the Paramyxoviridae family. NDV isolates are classified as lentogenic (low), mesogenic (intermediate), or velogenic (highly virulent), depending on the severity of the disease produced by the isolate in chickens (Alexander, 1997) . NDV has been the cause of significant outbreaks in poultry (Alexander et al., 2012) . The virus is highly transmissible in poultry with low antibody titers (Boven et al., 2008) . There have been several panzootics of this serious disease in poultry during the last four decades (Alexander, 2011) and the velogenic strains are now endemic in the commercial poultry farms of many countries (Boney et al., 1975 , Giambrone & Closser, 1990 , including Iran.
Vaccination and biosecurity are widely used as management practices for the protection against ND virus. Vaccination policies vary
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in different countries (Patti & Koch, 2013) . In most areas of Iran where NDV is endemic, vaccination is mandatory for commercial and backyard poultry. Vaccination with different low-virulence live vaccine strains, such as B1 and LaSota, has been extensively used in Iranian commercial farms. The inactivated oil-emulsified vaccine has also been used in most regions of the country. Despite frequent vaccination, the high mortality and economical losses show that vaccination strategies were not able to completely prevent outbreaks against the currently circulating viruses. This represents a major problem for the poultry industry and therefore, further investigation on vaccines and vaccination programs to prevent and control this disease more appropriately is required.
The aim of the present study was to evaluate the protective effect of vaccines (B1, LaSota, and inactivated vaccines) against velogenic ND infection in broilers after different vaccination schemes. Since a proper vaccine or vaccination program should be able to reduce virus shedding and virus spread among chickens, the virus shedding period of the vNDV field isolate was also evaluated. The conclusions are helpful in that we are able to determine the best scheme (type of vaccines, strains of vaccines, age and route of vaccination) for commercial broilers to obtain the least morbidity, mortality and least amount of shedding of virulent challenge virus.
MAteRIAlS And MethodS

Challenge virus
A highly-virulent NDV field strain (Gene bank accession Number: JF820294.1) was used. The intravenous pathogenicity index of the challenge virus was 2.46. It was propagated in 9-to 10-dayold embryonated chicken eggs via the allantoic route, titrated, and stored at -70 o C until use. The embryo infective dose (EID50) was determined as described by Reed and Muench (1938) , and was determined as 10 8.3 / mL of allantoic fluid.
Vaccines and antigens
Lentogenic NDV vaccines B1 (Batch number 34490019) and LaSota (Batch number 34390024) strains, and inactivated ND + AI (Batch number 2670093) vaccine produced by the Razi Vaccine and Serum Research Institute (Iran) were used to vaccinate chickens. The ND standard antigen used for serological tests was provided by Pasouk Biologicals Research and Manufacturing Company, Iran.
Experimental design
One hundred sixty mixed sex one-day-old commercial broiler chickens (Cobb 500) were purchased from a local hatchery and randomly allocated into eight groups of 20 chicks each. The birds of each group were reared in the separate isolated rooms. Birds in all groups had access to feed and water ad libitum throughout the experiment.
The vaccination schedule (based on the local advised programs) was as follows:
Group 1: B1 via eye drop at 8 days of age followed by B1 via drinking water at 18 days of age.
Group 2: B1 via eye drop at 8 days of age followed by LaSota via drinking water at 18 day of age.
Group 3: B1 via eye drop at day old followed by B1 via drinking water at 18 day of age.
Group 4: B1 via eye drop at day old followed by LaSota via drinking water at 18 day of age.
Group 5: B1 via spray route at day old followed by B1 via drinking water at 18 day of age.
Group 6: B1 via spray route at day old followed by LaSota via drinking water at 18 day of age.
All chicks in these groups received ND+AI inactivated vaccine via subcutaneous route at 8 days of age. Groups 7 and 8 were the positive and negative control groups, respectively, and did not receive any vaccine. On day 28, all groups, except for group 8, were challenged with the virulent field isolate virus via intranasal route (10 4 EID50/bird). Following challenge, birds were monitored daily for the development of either clinical signs of the disease or mortality and tested for shedding of the challenge virus. Fecal samples from five birds per group were randomly collected at 3-day intervals during 14 dpc for the evaluation of the virus shedding period.
Dead or euthanized birds (at least three carcasses) were necropsied 5, 10 ,and 14 days after challenge. Lesions were scored for severity in a scale of 0 to +4 by one person. A score of 0 was assumed for tissues without any gross lesions. Scores 1 to 4 was given to mild, intermediate, severe and very severe lesions, respectively. The severity index was then calculated as follows: (Σ number of birds with lesions × severity score) / (number of sampled birds). Serum samples were collected when birds were 1, 8, 15 and 22 days of age and on 0, 5, 10 and 14 dpc to determine antibody titers against NDV by hemagglutination inhibition (HI) test.
HI test
The hemagglutination (HA) and HI tests were performed using standard microtiter plate methods.
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The HI tests were carried out with 4 HA units per well with two-fold serum dilutions, as recommended by the World Organization for Animal Health (OIE, 2012).
Reverse Transcription PCR
Vaccinal or virulent virus detection was performed by reverse transcription polymerase chain reaction (RT-PCR) method. The RNA isolation process was carried out with 100 µL of clarified 10% fecal suspension in normal saline with RNX TM -Plus kit (CinnaGen Co., Iran) according to manufacturer ' s protocol. RNA was eluted with 50 µL distilled water and either stored at -70º C or directly used for cDNA synthesis. The cDNA synthesis process was performed with AccuPower® RT-PCR kit (Bioneer Co., South Korea). Ten pmol/μL of forward (B or C) and reverse (A) primer pair (Table 1) were used for cDNA synthesis. (Baratchi et al., 2006) .
Five μL of the cDNA was used for PCR amplification using AccuPower® PCR PreMix (Bioneer Co., South Korea) with two different primer pairs A + B and A + C (Table 1) , which yield specific amplification of a 255 bp fragment within the F gene. We were able to differentiate virulent virus from vaccine viruses. The vaccine virus strains were amplified only by A+C primer pairs, while virulent strains of NDV was amplified by both primer pairs (A+B and A+C) (Fig 1.) . After denaturation for 3 min at 94°C, the PCR consisted of 30 cycles of 30 s at 94°C, 30 s at 58°C and 30 s at 72°C that was terminated by 10 min at 72°C. Samples were analyzed by electrophoresis on 1.5% agarose gel and visualized under ultraviolet light.
Statistical analysis
HI results were analyzed with a statistical software program (SPSS Inc., 11.5). Analysis of variance (ANOVA) using pair-wise comparisons by Tukey's test was used to compare HI mean values (differences were considered significant at p≤0.05). Chi-square or Fisher's exact test was used to analyze the association of mortality and viral fecal shedding with each vaccination program on each day, for each two desired groups. P values obtained by a Pearson's Chi-square association or Fisher's exact test were considered as significant when p<0.05. 
ReSultS
Clinical signs and mortality
All birds were apparently healthy before challenge. Protection from velogenic virus challenge was determined by the absence of clinical signs during the 14 dpc observation period. Birds in the unchallenged control group (group 8) had no clinical signs during the course of the experiment. All birds in the challenged control group (group 7) displayed conjunctivitis, severe depression, respiratory signs, greenish diarrhea, ruffled feathers, and reduced feed intake from day 3 pc.
Chickens in the vaccinated-challenged groups showed significantly weaker clinical signs compared with the positive control group. Leg paralysis was observed in 10% of chickens in groups 1, 5, and 6 from day 5 pc, while only 5% of birds in groups 2, 3 and 4 showed leg paralysis. Five percent of chickens in groups 2, 3 and 5, as well as 15% of birds in group 6, showed torticollis. The frequency of clinical signs was statistically the same among the different groups.
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No mortality was observed in negative control group, while all birds in positive control group died during the course of the experiment. The mortality rate of the vaccinated groups was significantly lower than the positive controls. No significant difference was observed among groups 1 (0%), 2 (5%), 4 (10%), 6 (15%), and the negative control group. All vaccinated groups statistically presented the same mortality rate (except group1) and the lowest mortality rate was recorded in group 1, followed by groups 2, 4, and 6. The highest mortality rate (25%) among vaccinated groups was observed in group 3 and 5, and was significantly higher than group1 and the negative control group.
Necropsy findings
At necropsy, gross lesions were not observed in any birds of negative control group (group 8). Most chickens in group 7 (unvaccinated-challenged) exhibited typical visceral lesions, similar to natural field cases from day 3 pc. Chickens of this group showed hemorrhagic lesions in the proventriculus (Fig. 2) , cecal tonsils (Fig. 3 ) and Peyer's patches of the intestines (Fig.4) . Lesions in the respiratory tract, including edematous, hemorrhagic and congested trachea, were also seen in this group (Fig.5) . The most severe gross lesions in the positive control group were observed from day 5 to 8 pc. The highest lesion scores were recorded in the proventriculus, intestine, cecal tonsils and trachea. Groups 1 and 2 showed the best protection among vaccinated groups during this period, followed by groups 6, 5, 4 and 3 (data not shown). 
Serological findings
Mean (Log 2 ±SE) of serum antibody titers against NDV antigen at 1, 8, 15, 22, 28, 33, 38 and 42 days of age in all groups are presented in Table 2 .
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Maternal HI titers were reduced from 6.9 on day one to < 3 Log 2 on the day of challenge in both control groups, and were not able to protect the chickens in the positive control group against ND infection. The antibody titers at 8 days of age in groups 3 and 4, which received the B1 vaccine via eye drop at day-old, were significantly higher than other groups. However, no significant differences in antibody titers were observed at 15 and 22 days of age among groups. The antibody titer at 28 days of age (the day of challenge) was significantly (p≤0.05) higher in all vaccinated groups (> 5 log 2 ) in comparison with control groups, which is an adequate antibody level to protect chickens from overt clinical disease. On day of challenge, all vaccinated groups had statistically the same HI antibody level. In groups 3, 4, 5 and 6, the antibody levels declined (but were potentially enough to protect chickens against the disease) after a short period post-challenge (5 dpc), while the antibody titers increased in groups 1 and 2. No significant difference was observed among vaccinated groups 10 dpc. The antibody titers in groups 2, 3, 4, 5 and 6 were significantly higher than group 1 at 42 days of age (14 dpc). The mean antibody titer reached a peak in all vaccinated groups (except group 1) at 14 days post-vaccination.
Virus shedding
The results of virulent virus shedding in the fecal samples of all groups are summarized in Table 3 . All samples from the non-vaccinated-unchallenged group were void of vaccine or virulent virus during the whole sampling period. The virulent virus was detected in birds of all vaccinated groups as well as positive control group from day 3 pc. The duration of virus shedding in the vaccinated challenged groups was different among groups. The shortest virus shedding period was recorded in groups 1 and 4, which shed the virulent virus up to 6 dpc. The other vaccinated groups, as well as unvaccinated-challenged group, shed the virulent virus in the feces until the end of the experiment. As shown in Table 3 , no significant differences were observed in the rate of fecal virulent virus detection among challenged-vaccinated groups and the positive control group on different dpc. Different superscript letters denote significant differences (p<0.05) in a column.
dISCuSSIon
In Iran, the velogenic ND has been is enzootic in commercial poultry for years, despite the intensive vaccination programs applied. Annual losses due to the disease and cost-related preventive strategies raises the need of evaluating the emergence of virulent NDV and continuous research on vaccine type and efficacy of vaccines against circulating NDV. In this study, we assessed whether the currently used vaccines under different vaccination schemes could induce effective immunity in chickens against a virulent field isolate.
No clinical signs or virus excretion were observed in any birds of the uninfected control group. The unvaccinated-challenged birds demonstrated clinical signs and gross lesions of the disease, as well as virus shedding from 3 dpc, and finally all died (100% mortality). The low maternal antibody titers (mean < 3 *only one bird was alive on day 10 pc in this group.
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log 2 ) detected on the day of challenge were not able to protect susceptible chickens in this group from death. As we know, over time, maternal antibody titer wanes and eventually cannot protect against infections with wild viruses. Similar findings were reported by Fentie et al. (2014) and Kapczynski & King (2005) . This confirms that circulating vNDV strains are capable of causing high mortality in unvaccinated susceptible flocks, which is consistent with the suggestions of Alexander et al. (2004) and Alders & Spradbrow (2001) . Despite the expectation that mean antibody titers increased a week after challenge (Fentie et al., 2014; Alexander et al., 2004) , substantial changes were not observed in the HI antibody titers in the sera of the positive-control group. This may be explained by the small serum sample size (only one bird of the positive control group was alive on 10 dpc). Although all vaccinated groups had significantly lower mortality rate than unvaccinated-challenged group, full protection from death was only observed in birds of group 1 (no mortality) followed by group 2 with 5% mortality. In general, the best protection against death was observed in groups 1 and 2, respectively. Other vaccinated groups that received the live B1 vaccine at one day of age showed 75 to 90% protection against circulating vNDV. Partial protection against the disease in these groups may be explained by the inhibitory effect of high maternal antibody titers on live vaccine at day old. Maternal antibodies suppress vaccine-induced immune responses (Niewiesk, 2014) .
A comparison on the beginning and severity of the clinical signs of the disease among different groups demonstrated that all vaccinated-challenged groups showed clinical signs later (from day 5 pc) and less severe than the unvaccinated-challenged group. In addition, necropsy findings revealed that lesions were less severe in all vaccinated groups as compared with positive control group. Protection against clinical signs and mortality following infection with vNDV in vaccinated birds has also been reported by other researchers (Boven et al., 2008 , Fentie et al., 2014 , Kapczynski & King, 2005 , Degefa et al., 2004 .
Among vaccinated groups, the best results with regards to clinical signs and gross lesions were obtained in groups 1 and 2. Vaccination provided high HI antibody titers in the vaccinated groups, which is in consistent with the reports of Boven et al. (2008) and Kapczynski & King (2005) . Evaluation of HI antibody titers in vaccinated-challenged groups during the experiment demonstrates that all vaccination programs were able to induce adequate antibody levels to provide protection against the circulating virus. On day of challenge, the mean HI titer of all vaccinated groups was higher than 5 log 2 and remained high until the end of the experiment, which was sufficient to protect birds from overt clinical signs. As previously described, mean HI antibody titers higher than 3 log 2 have a protective role against NDV (Boven et al., 2008 , Kapczynski & King, 2005 .
While some birds in the vaccinated-challenged groups were protected from clinical disease and mortality, they were not protected against infection, since they shed challenged virus in fecal samples. Our findings are consistent with the reports of Fentie et al. (2014) , Boven et al. (2008) , and Kapczynski & King (2005) . The chickens in all vaccinated-challenged groups shed the challenge virus from day 3 dpc. These prime-boost immunized chickens continued to shed the virus. Insignificant differences in the frequencies of virus detection among vaccinated groups and positive control reveals that different vaccination programs and type of vaccine were not able to protect the chickens against virus infection and replication. However, the incidence and duration of virulent virus shedding in infected birds of vaccinated groups were different. Vaccination programs used in groups 1 and 4 shortened the duration of virus shedding (until day 6 pc), while few of the challenged birds in the other vaccinated groups continued to shed the virulent virus in the feces until the end of the experiment. Similar findings were reported by Fentie et al. (2014) and Kapczynski & King (2005) . The high antibody levels in the vaccinated challenged groups may have been responsible for the reduced virulent virus shedding. Therefore, despite vaccination, NDV re-infection of susceptible birds with lower immunity in a flock occurs in field conditions. This may explain the increase in frequency of vaccinations throughout the rearing period of broiler chickens, which has been applied by some farmers. The higher antibody titers at 10 dpc in comparison with other vaccinated groups may explain the lower virus shedding in group 1. At the end of the experiment (14 days after challenge), chickens showed more than 8 log 2 mean HI antibody titer, except for group 1, which HI titer tended to decline after the tenth day post challenge. The increase in mean HI titers in these groups two weeks after challenge may be due to immune system response following continuous virus replication and shedding until the end of the study period.
These findings indicate that, although the vaccination programs used in Iran can protect broilers
from overt disease and high mortality following challenge with the highly virulent NDV, chickens are not fully protected against circulating virulent virus infection and act as virus reservoirs. The administration of the live B1 vaccine via ocular route concurrent with oil-emulsified vaccine at 8 day of age and the boost vaccination with a lentogenic live virus may be able to induce efficient local and humoral immunity responses and therefore, better protection against infection. Since partial to high protection of vaccines and different vaccination programs against a field isolate of vNDV was evaluated in the current study, it is likely that the failure to protect the commercial broiler flocks against circulating vNDV in the field may be due to various factors, such as the presence of immunosuppressive etiologic agents that cause lack of response or inadequate response to the vaccine; vaccination failures, including improper handling and vaccine administration; poor management practices in poultry flocks, etc., rather than lack of potency of product. In addition, changes in field virus characteristics may play a role in the partial protective efficiency of the vaccination programs.
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